Background: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by muscle weakness and wasting. Observational natural history studies can give information on body function/structure impairments, activity limitations and participation restrictions, i.e. disability. Information needed to plan and develop care and support. Objective: To describe and explore disease severity and impairments, activity limitations, participation restrictions and contextual factors over time. In specific, to explore concurrent presence of cognitive impairment, fatigue, anxiety, depression and pain, and whether these impairments were related to disease severity. Methods: In this three-year observational study, 60 patients with ALS were included at baseline. Follow-ups were performed every 6 months unless participants had deceased or declined participation. Data was collected from medical records, and by study-specific and standardized questionnaires administrated during home visits. Results: Regardless of disease severity; fatigue, anxiety, depression and pain were present in patients with ALS at each data collection. Approximately one-third experienced two or more of these impairments concurrently, i.e. at the same time point. Cognitive impairment could not be assessed in many patients due to their physical impairments. Disease severity was not associated with fatigue, anxiety, depression or pain. Conclusions: Patients with ALS need, throughout the course of the disease, to be regularly screened for commonly present impairments, activity limitations and participation restrictions so that person-centered interventions can be applied at the right time.
INTRODUCTION
The impact of a disease can be described from the perspective of body, individual and society by 440 
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personal and environmental factors, and the disease [1] . Descriptions of disease associated disability give a broader and more meaningful picture of individuals' and populations' experience of health.
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by progressive loss of upper and lower motor neurons. The pooled worldwide standardized incidence is 1.7 per 100 000 person-years, 2.0 for men and 1.4 for women [2] . There are, however, subcontinent differences with higher rates of ALS reported from Europe, e.g. from Sweden with an age-standardized incidence of 3.0 per 100 000 person-years [3] . Incidence rates increase by age and reach a peak at 70-74 years [4] . The disease can be classified depending on site of onset. Most common is spinal onset where symptoms start in limb muscles. Approximately one-third of patients with ALS have bulbar onset, i.e. symptoms start in muscles that control speech, chewing and swallowing [4] . Most patients with ALS live for approximately 2-4 years from symptom onset, though some may survive for decades [5] . Predictors of longer survival are younger age at diagnosis and spinal onset [5] .
The revised ALS functional rating scale (ALSFRS-R) [6] is commonly used in research and clinical practice as a marker of ALS disease severity. The scale captures impairments in speech, salivation, swallowing and respiratory functions; and activity limitations in mobility and self-care. The ALSFRS-R measures disease severity from the patient's perspective and gives a broad picture of the impact of the motor neuron degeneration. One way to facilitate the clinical interpretation of the scale is to categorize the scores into stages/levels of severity [7, 8] .
Besides muscle weakness and atrophy, other impairments may occur such as cognitive impairments [9, 10] , fatigue [11, 12] , anxiety [13, 14] , depression [11, 13, 14] and pain [15, 16] . The reported frequencies of these impairments in ALS vary greatly, from around 20% up to approximately 50-60% [9, 11-13, 15, 16] . The large variability is likely due to differences in study designs, settings, sample sizes and the used measures. Thus, there are uncertainties about the occurrence of these impairments during the disease course, and especially how cognitive impairment, fatigue, anxiety, depression and pain concurrently occur in patients with ALS. Further, less is known regarding the relation to disease severity and whether there is a change over time. Longitudinal studies are scarce but have indicated that cognitive impairment and fatigue might be associated with disease severity [10] [11] [12] in contrast to anxiety and depression [14] . As for pain, findings from cross-sectional studies are contradictive regard to the relationship with disease severity [15, 16] .
Although it is generally agreed that ALS impacts patients' everyday life, studies describing activity and participation in ALS are surprisingly few. However, both activity limitations and participation restrictions have been reported and associations with physical functioning and disease severity have been identified [8, 17, 18] .
We initiated a three-year observational study in patients with ALS in 2012 with the aim to describe and explore disease severity and impairments, activity limitations, participation restrictions and contextual factors over time. In specific we wanted to explore concurrent presence of cognitive impairment, fatigue, anxiety, depression and pain, and whether these impairments were related to disease severity.
MATERIALS AND METHODS

Participants
Participants were recruited from the ALS clinic at the Karolinska University Hospital, Stockholm, Sweden. Inclusion criteria were an ALS diagnosis according to the revised El Escorial criteria [19] and an age over 18 years. Twenty of 102 identified patients were excluded due to being in a terminal stage (n = 11), having dementia (n = 4) or inability to understand Swedish (n = 5). Eligible patients received an invitation letter whereof 19 declined participation and three did not answer, thus, 60 patients were included at baseline. These patients were thereafter contacted every six months up to three years after baseline unless they declined participation or deceased. The study was approved by the ethical review board in Stockholm, registration number: 2012/842-31/2, and procedures were conducted in accordance with the Declaration of Helsinki.
Procedures
Data collections were performed at baseline (T1) and every six months (T2-T7) up to three years after baseline, and informed signed consent was retrieved at each time point. Data was collected from medical records, and by study-specific and standardized questionnaires administrated during home visits. Each home visit lasted approximately 2.5 hours and was performed by either one out of three physiotherapists or by an occupational therapist. All therapists had clinical experience of ALS and were trained to perform data collections. Some baseline data in the present study has been published elsewhere [20] .
Measures
Medical records were used to retrieve information on site of onset, time since diagnosis and medications. Study-specific questionnaires were used for data collection on contextual factors, i.e. age, sex, education level, living conditions, work status, ventilation, gastrostomy, aids (for mobility, activities of daily living (ADL) and communication), home adaptations, home care or personal assistance, and transport services.
Disease severity was assessed with the ALSFRS-R [6] . This 12-item scale ranges from 0 to 48, where higher scores indicate less severity. The ALSFRS-R score was categorized into three stages/levels of severity, i.e. mild (score 37-48), moderate (score [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , and severe (score 0-24), as previously suggested [7] .
Cognition was assessed with the Montreal Cognitive Assessment (MoCA), a brief screening tool evaluating short-term and working memory, visuospatial and executive functions, attention, concentration, language and orientation [21] . Fatigue was assessed with the Checklist Individual Strength (CIS) fatigue subscale [22] . This eight-item subscale ranges from 8 to 56. Higher scores indicate more impairment and a score ≥35 was used for categorization of fatigue [12] . Anxiety and depression were assessed with the anxiety and depression subscales of the Hospital Anxiety and Depression Scale (HADS) [23] . Each seven-item subscale ranges from 0 to 21, with higher scores indicating more impairment. A score ≥8 was used for categorization of a possible or probable case of anxiety and depression, respectively [23] . Pain was screened for by the question "Throughout our lives, most of us have had pain from time to time (such as minor headaches, sprains, and toothaches). Have you had pain other than these everyday kinds of pain the last week?". Participants answering "Yes" were asked to rate their pain on average using a Numeric Rating Scale (NRS) ranging from 0 (no pain) to 10 (worst imaginable pain). A score ≥4 was, in accordance with our hospital guidelines, considered to indicate clinically relevant pain and used for categorization of impairment.
Personal ADL (P-ADL) was assessed with Katz P-ADL index and instrumental ADL (I-ADL) with the Katz I-ADL index [24] . The Katz P-ADL index consists of six items; feeding, continence, transfer, toileting, dressing and bathing, and the Katz I-ADL index of four items; cooking, cleaning, shopping and transportation. Each item is assessed based on level of dependency and scored 0 if the patient is dependent and 1 if independent. Total scores can range from 0 to 6 and from 0 to 4 for the Katz P-ADL and I-ADL index, respectively. Patients scoring less than full sum scores were categorized as dependent and having activity limitations. Frequency of social and lifestyle activities was assessed with the Frenchay Activities Index (FAI) [25] . This 15-item scale can range from 0 to 45. Higher scores indicate a higher frequency of social and lifestyle activities. Patients with scores ≤25th percentile of age and sex predicted normative values were categorized as below norm [26] and having participation restrictions.
Data analysis
Statistical analyses of baseline (T1) data between patients in the study at T7 and those who had declined participation or died after T1 were performed with Chi-square test for sex and Mann-Whitney U-test for age, time since diagnosis and disease severity (ALSFRS-R score).
Descriptive statistics were used to present data, i.e. frequency, percentage, median and interquartile range (IQR). Results on cognitive impairment were excluded as 60-80% of patients were unable to complete the MoCA due to physical disability (unable to perform pen-and-paper items). The described cutoff values were used for categorization of presence of an impairment, i.e. fatigue, anxiety, depression and clinically relevant pain. To describe concurrent presence of impairments, each patient's total number of impairments was calculated. Descriptive statistics were used to explore relations between impairments with the three levels of disease severity. The non-parametric Spearman rank correlation test was used to explore associations between impairments (CIS fatigue subscale, HADS, pain NRS) and disease severity (ALSFRS-R). The scores from CIS fatigue subscale, HADS and pain NRS were inverted in these analyses to facilitate interpretation. Thus, higher scores indicated a better functioning in all measures. Correlation coefficients (r s ) were considered to be low if having absolute values ≤0.49, high when ≥0.70, and moderate when in between low and high [27] . The level of significance was set to p < 0.05 and analyses were performed with IBM SPSS Statistics 24 (for Windows).
RESULTS
Twelve of the 60 patients included at baseline (T1) were still in the study three years later (T7). There was a significant difference (p = 0.048) in time since diagnosis at baseline between these 12 patients (median time 41 months) and the other 48 (median time 16 months), but no significant differences in sex, age or disease severity. Twenty-five patients died between data collections during study period and 23 patients declined participation, the most common given reasons for declined participation were disease-related such as being too fatigued or being in a terminal stage. There were no significant differences in baseline data concerning time since diagnosis, sex, age or disease severity between the 12 patients who were still in the study at T7 and those 23 who had declined participation at some time-point. Seven of these 23 patients were alive, but not participating, at T7. Information on patient characteristics and contextual factors is presented in Table 1 . Patients' median age was around 60 years, approximately half were men, and spinal onset was most common. A few (four patients at baseline of whom three were still in the study at T7) patients' time since diagnosis exceeded 120 months and, thus, they had been living with the disease for more than a decade. Most patients were cohabiting with a family member in their own home, and only three patients stayed in residential care facilities. Disease severity progressed during the study period and none were classified as having mild disease after two years. Most patients had disease modifying drugs (riluzole), and anti-depressive medication was prescribed to approximately onethird. Although non-invasive ventilation was more frequently used, three to five patients had invasive ventilation. Over time, almost all patients reported having aids, home adaptations, home care/personal assistance and transportation services.
Results from measures regarding impairments (CIS fatigue, HADS anxiety, HADS depression, pain NRS), activity limitations (Katz P-ADL, Katz I-ADL) and participation restrictions (FAI) are presented in Table 2 . Results on cognitive impairment were excluded as 60-80% of patients were unable to complete the MoCA due to physical disability (unable to perform pen-and-paper items). Most patients answered the CIS fatigue subscale. Around half of them were categorized as having fatigue, and there was a trend of higher presence of fatigue during the first year compared to later time points. Almost all patients completed the HADS, and approximately one-fourth were categorized as having anxiety and depression at T1 and T2. At later time points, the presence of anxiety seemed to decline while the proportions of patients categorized as having depression was about the same. The use of anti-depressive medical treatment was found in both those over and under the cut-off for a possible or probable case of depression. However, over time between one (8% at T7) and eight (14% at T1) patients were categorized as a case, but did not have anti-depressive medication. Perceived pain was reported by 21% to 50% 16 (27) 11 (29) 14 (48) 3 (18) 5 (36) 3 (21) 4 (33) Ventilation non-invasive, n (%) 18 (30) 11 (29) 5 (17) 3 (18) 3 (21) 3 (21) 3 (25) invasive, n (%) 4 (7) 3 (8) 3 (10) 3 (18) 3 (21) 5 (36) 4 (33) Gastrostomy, n (%)
18 (30) 11 (29) 11 (38) 5 (29) 6 (43) of patients depending on time point. Most of these patients were categorized as having clinically relevant pain, i.e. scored ≥4 on the NRS. Almost all had some form of medical pain treatment, but many also reported non-pharmacological interventions like repositioning, massage and active or passive movements. All patients answered the Katz P-ADL and I-ADL indexes and the FAI. Activity limitations were common, and almost all patients were categorized as dependent in P-ADL and I-ADL after one year. Likewise, participation restrictions were present in most patients already at baseline, and all were categorized as below norm after 1.5 years.
Presence of impairments in relation to the three levels of disease severity is presented in Fig. 2 . Patients having fatigue, anxiety, depression and clinically relevant pain were found in all disease severity levels, i.e. in those categorized as having mild, moderate or severe disease. The concurrent presence of impairments during the study period is presented in Fig. 3 . Approximately one-third of the patients had between two and four concurrent impairments at each time point.
Results of associations between impairments (CIS fatigue subscale, HADS anxiety, HADS depression, pain NRS) and disease severity (ALSFRS-R) are presented in Table 3 . In general, correlation coefficients were non-significant and considered to be low.
DISCUSSION
The main findings of this study were that fatigue, anxiety, depression and pain were present over time in patients with ALS, and that these impairments were found regardless of disease severity. Further, that approximately one-third experienced two or more of these impairments concurrently, i.e. at the same data collection time point.
Patient characteristics (e.g. age, sex, site of onset) in our study cohort were in agreement with reports from other European population-based studies [3] [4] [5] and thus, strengthens the external validity. As shown before [5] , some patients had a slowly progressive ALS and a 10-year survival already at baseline. We found that the proportion of patients with bulbar onset decreased over time, which could be explained by the longer survival in patients with spinal onset [5] . That most patients, despite increased disease severity, lived in their own home during the three-year study period could be due to the Swedish disability policy and health care system, which ensure that support and services are provided for people with disability. Accordingly, the provision of aids, home adaptations, home care, personal assistance, and transportation services increased over time. These findings are probably general for those living in countries with similar health care systems but might not reflect the situation for patients with ALS in countries where the healthcare system is organized, managed, and financed in a very different way, e.g. the United States of America. In agreement with current European clinical management guidelines [28] , patients had the disease modifying drug riluzole, non-invasive or invasive ventilation, and gastrostomy for enteral nutrition.
Between 60-80% of our patients were unable to complete the MoCA and data on cognitive impairment was therefore not reported. The MoCA was chosen as it was available in Swedish and used in the clinic at the time when the study was planned. However, even though MoCA might detect cognitive impairment and has been used in ALS [29] [30] [31] , it had obvious limitations. As many other cognitive tests, MoCA relies on certain physical capabilities which makes it less useful in ALS. A diseasespecific screening test like the Edinburgh Cognitive and Behavioural ALS Screen [32] might overcome these shortcomings and would be interesting to use in future studies.
Fatigue was a common impairment at all time points, though we did not find an increase over time as other report [11, 12] . This might be due to differences in follow-up time and sample characteristics, our sample had for example a longer disease duration. Fatigue is a multidimensional concept including physiological (central and peripheral fatigue) and psychological dimensions (depression, concentration and motivational influences) [33] . It can be speculated that physiological and psychological dimensions of fatigue might have a greater impact in early stages of the disease due to compensatory mechanisms of the nervous system and the obvious psychological strain related to be diagnosed with ALS. However, it is also possible that patients become less physically active over time due to muscle weakness, and thus less fatigued. An explanation in line with findings that patients with ALS experience fatigue as use-dependent reversible muscle weakness and whole-body tiredness [34] . A recent survey-study in patients with ALS report that fatigue is the most prevalent impairment and at the same time the least treated [35] . There is, unfortunately, not enough evidence to make conclusions about effectiveness of pharmacological or non-pharmacological treatments Fig. 2 . Presence of impairments (i.e. fatigue, anxiety, depression and clinically relevant pain) in relation to the three levels of disease severity (mild, moderate and severe) at baseline (T1) and each six-month follow-up (T2-T7). The y-axis shows the number of patients categorized as having an impairment. [36] . Thus, high-quality studies on intervention to improve fatigue in ALS are much needed.
We used the HADS to screen for anxiety and depression and found like others that scores seemed to decrease over time [14, 37] . However, even if the proportion of patients categorized as having anxiety was larger at the two first data collection time points, there were cases even at later time-points. In addition, some patients over the cut-off score for depression lacked medical treatment. Thus, systematic and regular screening for anxiety and depression is important to identify those in need of interventions. Although no formal controlled studies have been performed, clinical guidelines recommend pharmacological treatment [28, 38] . Non-pharmacological interventions, such as meditation training and cognitive behavioural therapy, might also be considered as these treatments seem to ameliorate psychological distress in patients with ALS [39, 40] . Further, knowledge and awareness of coping strategies is important when care and support is planned as coping has been found to be associated with both anxiety and depression [41, 42] .
As highlighted in recent years [15, 16] , pain is often present in patients with ALS. Information on pain frequency and intensity has previously been based on cross-sectional studies. Thus, our findings, that pain occurred in as many as 50% over time and that a considerable number of patients scored over the cut-off for clinically relevant pain, provide new important knowledge. Many factors might contribute to pain in ALS, e.g. muscle cramps, spasticity, contractures, imposed stress on the musculoskeletal system due to muscle weakness and immobilisation, etc. It is therefore important to thoroughly assess patients on a regular basis so that proper interventions can be applied.
Not only have we shown that fatigue, anxiety, depression and pain were frequently present in patients with ALS, about one third had two or more of these impairments at the same time, i.e. concurrent impairments. Furthermore, the impairments were present regardless of disease severity. This clinically important result indicates the necessity for screening patients repeatedly over time. Many patients had both symptomatic and anti-depressive medications, but there were still cases of fatigue, anxiety, depression and clinically relevant pain. Given the multidimensional origin and perception of these impairments [13, 16, 33, 34] other non-pharmacological approaches are also recommended [28, 43] .
According to the ICF, activity is defined as "the execution of a task or action by an individual" and participation as "a person's involvement in a life Table 3 Results of associations between impairments (CIS fatigue, HADS anxiety, HADS depression, Pain NRS) and disease severity (ALSFRS-R) at baseline (T1) and each six-month follow-up (T2-T7). The scores from CIS fatigue subscale, HADS and pain NRS were inverted in these analyses to facilitate interpretation. Thus, higher scores indicate a better functioning in all measures ALSFRS-R  T1  T2  T3  T4  T5  T6  T7   CIS situation" [1] . Studies on activity and participation in patients with ALS are surprisingly scare and to our knowledge mainly based on cross-sectional data [8, 18] . We found that activity limitations in P-and I-ADL, and participation restrictions were present already at baseline and, as expected, increased over time. The FAI was used to map frequency of social and lifestyle activities, a questionnaire much based on physical performance and developed before the use of internet for e.g. shopping and social interactions. For this reason, our results must be interpreted with some caution as patients might have been able to keep their social roles and participate in a fulfilling life using new technology and provided aids, services and support. Impairments like fatigue, anxiety, depression and pain were not significantly associated with disease severity as captured by the ALSFRS-R scale. This is a clinically important finding highlighting the need to screen for these impairments regardless of disease severity. Thus, even though the ALSFRS-R is commonly used, and regarded as reliable and clinically meaningful, health care professionals must be aware of its shortcomings to give an overall picture of disability in ALS.
Studying patients with ALS over time is accompanied with difficulties due to the progressive nature of the disease. Although we recruited patients from probably the largest cohort in Sweden, the study sample was considerably reduced already after one year, which is a limitation of the study. Furthermore, this hampered the possibilities of performing statistical analyses, and presentation of data is therefore mainly descriptive. Patient compliance in data collections were in general high. This could be due to the use of home-visits as these were highly appreciated by patients. Although the used outcome measures were all standardized and previously used in ALS and other neurological diseases, some had definite flaws. Thus, in future studies we propose that cognition, activity and participation would be better to explore with measures that are not based on physical capability.
Our results that fatigue, anxiety, depression and pain are persistent impairments in ALS, that one-third of patients have two or more concurrent impairments, and that these findings are regardless of disease severity indicate the importance and necessity for systematic and regular screening for these impairments so that proper intervention can be applied. The time frame for screening should be more frequent than the six-month interval used in the present study and preferably adapted to the individual variation in disability and disease progression rate. Further, health care professionals need to monitor whether patients perceive activity limitations and participation restrictions to timely provide the aids, support, and services needed. In a Swedish context, the newly started internet-based Swedish Motor Neuron Disease Quality Registry [44] address several of these issues and has the aim to assure high-quality care for all patients with ALS. In conclusion, regardless of disease severity, patients with ALS need to be regularly screened for commonly present impairments, and activity limitations and participation restrictions, so that person-centered interventions are applied at the right time.
